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THE FUNCTIONS AMD ORGANIZATION OF A SOIL MECHANICS SECTION 
By Earl rr. Bennett, Principal Soils Engineer 
Mew York Stete Department of Public Works ._ 





Written circa [445, this paper, 
wrrton for Budact and Legislature , 
was instruments! to Bennct's 
Subsequent creatioy of ths at 
“Boresy of Sei] Mechouncs “ 


This peper presents the functions and organization 
of a soil mechanics sestion to serve the needs of a 
hich peamaceh or a department of public works, The 
4 consist of three groupe under the direction 
of the soils engineer: 


1. A soils engineering-adzinistration group 
2. Am operations group for field work 
3. :. & eoil mechanics testing laboratory 


The purpose of the unit is to prayene soil engineer- 
ing design and analysis for the various divisions of design, 
construction and maintenance. The soils engineer should 
be under the general direction of the chief engineer with 
suthority to serve the divisions and districts of the 
department. - 


The personnel of the section should be chosen 
to provide a balance of training and experience in soil 
mechanics theory and testing with engineering practice in 
design and construction in the various fields of civil 
engineering which the unit must serve, 


The continued progress of soil mechanios at the 
present stage of development depends upon the ability of 
the soils engineer and his organization to apply the theory 
and test results of soil mechanics to the practical-design 
and construction of subgredes and foundations. 
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Soil mechanics deals with the determination of 
strustural properties of saoiis and the application of 
these properties through the theory cf mechanies to design 
and sonstrucstion probiems encountered in various fields of 
e4vil engineering. A soil mechanics section in a highway 
cr public works department should be established with a 
dread view point of service to the department in every sphese 
of the adaptation of soil mechanics to the design, sonstruc- 
sion and maintenance cof highways, oridges, ouiidings, and 
related structucss., Sections fsr the ascomplishmens of this 
snginsering 3ervics aave deen sstadlished in many of ths 
3tate highway devertments., Jome states have performed only 
random soil surveys and occasional soil mechanics testing 
vy regular highway personnel. Others haves organized sections 
ror adequate Yield inyestigations and proper use of soil 
mechanics by personnel with training and experience in both 
highway engineering and soil mechanics, 


It is the purpose of this paper to present ths 
Sanctions and organization of a 3043 mecnanics section Yor 
serving 2 highway depertmen®t or a oublis works department. 

599 often the application of soil mechanics has been son- 
sidered a laboratory function instead of an enginsering 
“inotion closely allied to she desiam, construction and 
aaintenarce of hnishways. Soil Mechanics must be an engineer- 
inz function. 
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fhe resuits of soil investigations should nct be 
reported to designing enginsers in terms of soil coerfiscisn 
only out in soil reports which give definite resoommendation 
on the use of soii mechaniss based upon adequate fisid sure 
yev3, soil teating and design analysis. 
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Phe application of soll mschenics to problems of 
sivil sngineering requires carefnl study of the desig and 
ae relation of soil mechanics to the structural problem. 
This requirement suggests cooperation between the soils 
angineer and tha designer in arriving at a rational design. 
The sucsess of 301) mechanics in any department derends upon 
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Practicing argineers, in general, have not had 
formal inatwruction in soil mechanics but thay cave had Sroad 
axperience in sarth work and foundation engineering. =< i3, 
sberefors, she duty of the soiis angineer to study the experisnoes 
3? the practising angineers, and maxe thorough soil mscianics 
{uyestizations of wne condisions tn connection with *asse 
siteriences, The soil conditions surrounding successes and 
waiiures can se investigated and the axseriance avaluated in 
Sito ao peOll mechanics, SY applying the resulta oF vaaese 
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planned to conform to the general orgenization of the high- 


organized 
| section. It should ve stationed in the main office of the 
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past experiences to the design of new highways, the soils 
engineer can establish the engineering importance of soil 
mechanics. ay Ar the present time, it is important that soil 
mechanics be presented to engineers through the feasible 
application of its theories to design and construction 
problems. The practical solution of Eero by the soils 
engineer will stimulate the use of soll mechanics by 
engineers and will essist in the ee and general 
Ary of a soil mechanics ~ ghey ate 





ORGANIZATION 


The organizetion ofa section to perform soil and 
founéation engineering on the design, construction and 
maintenance of highweys, bridges and buildings should be 


way department or department of public works. It should 
function as a service organization to all designing sections 
of the department and should have the authority ané responsi- 
bility of applying the principles of soil mechanics to the 
ering work of the depertment. The section may be. 
Aivided into the following basic groups according to the 
TORE RDODS which mst be performed; 


1. A soils engine ering-edministration group 
2. An operations group for field work 
36 a agoi mechanics testing laboratory 


=). 2 end 3 have been prepered to show the 
sof naan tes Sans functions pene personnel for a 
soil mechanics seotion upon extent to which a 
state desires to BE eetien this service. Figure 1 presents 
the organization fore state with several highway districts 
end a large volume of work. Fignre 2 gives a ninimm 
organization for the service ina gtate with a smlier volume 
of work. Figure 3 shows the minimm professional requirements 
of education andi experience for various grades of soils 
rae These charts my be referred to for the complete 
ture of orgenization, functions and ee aes discussed 
is Papers eo 


The soil engincering-administration group should be 
to supervise and aohedule all the work of the 








i ee | 


Vi ee : eer . ae ue oa }- Ba hy 
ry Oe 5 : 


ic Meee Ey WT eh as et 


* 7 Qa overt 
at rr a a 
' tm 


i 






































ae 
: ape rd rt 


- 


. Poa 
Loe ‘7? pr r Ame, ry ® 4: | a, 4 ke > lund ‘ail os) ain 
| [ioe To eanelzoqul. Boks salace ote mere) 
‘hoe Jedd daettogul at 22 ,amhd tonaesg 
Aa } ea 4 +t m LIcre ad roy ‘ce + ave C 7" oF » wo Srwe ! 
aS ctr hs AL / Aut gy Taras % a pm. l cxepaerd d ark | 
7 " mare: | "a sm 0. bs we T poy u in ola ee | ‘ 
ed antaed atm f fea to @aw edit otals pont 
b ti t 2a Z@a0a rit a ae'Dape cE vs et) 
gniieon sige we rion 8 a te ooantd srry 
















ea | i ri , 
f Bays he hey i | 
y eta: 
ap 
' wh 3 ; 
an, : > : ee ane ac 
x wor of pmalvoen 6 10 Gee Saris Lata ¢€ oo Lf 
; Sf oper ape , <2 > a? = wart te eq ty igitite ie ot | 
0 sgakbditod San ,rephled gegetiahd te Ocmmmntntam 
ar sit anut reps Mae eT yf ia eines of Baal 
Ga. BAe Ge + @ ; \ tell t. es on } ie Sh, ‘ ont * _* ? : 
‘ ; OF BOlLPARs N ig"PO 8o.Vv% a ‘f hecandh mah ts : + 
uf we cee foe : » > vs >t id iy oo ing ena % er) a witeid er = § 
¥ mo? 2 mens if ae A - tae ¢ us 3 ; 23 a ee Hace ELS. 34,2093 * 1 7” 
Rizeon Boney oben ‘andwe oLic? otf aR Bebivnis — 
" ‘ : ; A heh | wet on et yd afte aos chal 
‘ » . 
ntalnho-gatresitgne ailoa& gh 
’ ‘bY 
‘3 ite sm . 0] . asin iT ‘ De y 
j r ’ 2S “cy yn ma) theHOs 3d M3 a % lad Ri aS ar | 
f } ; ; i 
} \ye of~et >» 4? BS "y ga. wo , wa fz all * od oe 
of Sexaqety need orad £ ban, K gf ‘berg 
_. ’ ot a ; vf }' Le reas >; J ‘ 1% ‘t — a ¥ ‘&S. ae ~ mG ty 
eo S0taw oa Snesxe e828 moun Hite ‘a D yanks sSaee | 
atcesenm £ esa eokwsen aia “dal igedae. Si conten otal 
sabeonhh weed Levoves c0le oiade a a0% Aekemelreare : 
. ——? % sy P ~~ 
| “greetete a aevin & etee ne sow to com low wy ytal oi 
jiow «toliona a Ootw oF! ee oe y, 2: oatview whe, ot akon oe, 
efcnmetiupen Lesokesetory omiske ed? . ae | 


atl ea ‘Te babety’ aod Lav oy ewels 7 
siolauune al? 402 of besretet ef Tam 
Sawas vik Bb Lqcrmo etn inet haar vines 


od b Lori in quess cob manta 
| te dao wt Lhe, ates jens 
: et? 3 ‘ ae ada 





-3- 


department to facilitate consultation with designers and re- 
view of plans and specifications. All requests and layouts 
for soil surveys and foundation investigations should be 
prepared by this group in cooperation with the designers 

and transmitted to the field forces, Information should be 
obtained from the designing engineer on the plans for 
alignment, grede, wheel load, traffic intensity and type of 
pavement. — 


The questions of the designing engineer govern the 


' planning of the soil survey, The geologist and agronomist 


aid EAS agin general geological and soil studies of the 
areas to be surveyed and give direct assistance to the 

field forces. Close contast should be maintained with the 
field forces and frequent conferences held with the designers 
as progress reports on the survey are available, A study of 
the soil conditions as they apply to the strusture governs 
the selection of representative samples for testing by the 
soil mechanics laboratory, 


Soil survey and design information should be trans- 
mitted to the soil mechanics laboratory with the assignment 
of the tests, When the soil testing has been completed, the 
results should be forwarded to the soil engineering group for 
use in preparation of the final design analysis and soil re- 


oak containing definite design and construction recommenda- 
tions. 


; The operetions group for field work should be . 
organized to perform soil surveys, foundation investigations, 
materials surveys, construction control of compaction and 
special soil studies of construction problems, District and 
field laboratories should be attached to this group with 
equipment for soil classification tests, special sampling 
tools end equipment for compaction tests. All soil samples 
obtained in the field surveys must be classified in the dis- 
trict laboratories and representative undisturbed samples ~ 
forwarded to the main soil mechanics laboratory. The prepara- 
tion of data on field compaction and control of moisture 
should be performed by the district laboratories as an aid 

to the inspection and control of gompaction during construs- 
tion, 


The operations group needs to be well equipped with 
4rill outfits and soil survey equipment for both disturbed 
end undisturbed soil sampling. It is essential that this 
group have sufficient equipment end men to accomplish the 
soil survey et the time of the alignmet survey so that the 
results may be used by the designers in the preparation of 
the original plana, This phase of the work of the soil 
mechanics section is very important because the testing and 
design analysis are based upon the proper exploration of soil 
conditions and representative sampling. Mistakes in the 
field work cannot be rectified in the laboratory or in the 
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The soil mechanics section should have a well 
equipped central laboratory staffed with specialists in 
s0il mechanics’ testing. The #01) mechanics laboratory is a 
unit of the section under the direction of the soils engineer. 
This laboratory performs routine soil testing, structural 
s0il testing, and carries on research in soil mechaniss and 
the application of soil mechanics to highwey and foundation 
engineering. It is necessary that the soil mechanics test- 
ing in the district and field laboratories be standardized 
and checked periodically by the central laboratory. The 
soils engineer in charge of the laboratory should travel to 
the district laboratories to discuss problems of soil test- 
ing and give assistance in establishing uniform procedures. 


The soil mechanics section should be responsible to 
the chief engineer of the department cooperating and giving 
service to all designing divisions, district offices, 
maintenance and construction divisions, The section should 
be in charge of a soils enginser as head, with a competert 
aesistant, It is considered advisable for the head of the 
eection to travel most of the time with the division and 
Gistrict soils engineers, end that the assistant head super- 
vise the office and laboratory. The assistant should co- 
ordinate the work of the division soils engineers, the 
soil mechanics laboratory, ani the main office engineering- oh 
edministration group, as well as conduct the routine adminis= 8 
tration of the department. 


For the purpose of determining policies and pro- 
cedures and handl soil problems, research and difficulties 
arising during construction it is advisable to have the head 
of the section, the assistant head, the division engineers, 
the office engineer and the laboratory engineer meet at least 
once a month, and oftener if necessary, to discuss the soil 
mechanics work throughout the department. Several times «a 
year the district soils engineers should be called into con- 
ference to dissuss developments in soil mechanics testing, 
theory and practice, 


For a state divided into districts there should be 
division soils engineers to assist the heed of the section 
in maintaining contact with the soils enginsers in the dis- 
tricts, The division soils engineers are responsible to the 
head of the section and should travel with him on inspections 
in their divisions, It is recommended that a division soils 3 
engineer have not more than three districts under his super- ; 
vision, so that he can inspect each district at least once a 
week, The division engineers will bring the problems from i 
the districts to the engineering-administration group in the 2 
main office, and transmit information from the main office 
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back to the aistricts, They will assist the head of the 


. section in handling construstion problems where it is neo- 


essery to inspect the site, stuéy the problem, and work cut 
the solution with the district office, 


The soils engineérs in the districts should be under 
the direction of the district highway enginser, and the 
distriet highway engineer should be responsible for the soil 


mechanics work so thet there will be no in ons of . 


the line of authority of a district highway e er. The 
organisation of the soil mechanics section should be 

to establish, as rapidly es possible, the soil mechanics 
work in the highwey districts, 


FUNCTIONS 
The main function of a soil mechanics section is 

to give service to the highwey depertment or department of 
public works in every phase of the application of soil 
mechanics to the engineering of the department. The size 

of the orgenization and personnel will depend upon the volune 
of construction carried on by the department. Khether the 
volume of work is large or emall, the functions of e soil 
mechanios section remain the seme. Some of the important 


problems in which the section can give material assistence 
in design, construction and maintenance are es follows; 


1. Soil surveys for subgrade conditions. 


2. Foundation investigations for bridges, 
buildings, dams end embankments. 


3. Materials surveys for borrow, gravel and 
soil stabilization mixtures. 


4. Compaction and moisture control of soils in 
embankments, subgreades and foundation courses. 


5. Selection of excavation material to be used 
in special embankments and subgreées. 


6. Location and design of underdrainage systems. 
7. Design of subgredes, including the thickness 


of subgrade reinforcement for highway pavements under dif- 
ferent wheel loads end traffic conditions. 


8. Design of soil stabilized base courses, mechanical- 
ly and with admixtures. 


9. Study and prevention of detrimental frost action. 
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10, Survace sloughing of alopes. 


ll. Stability of slopes and embanmnsnts against 
cireular slides, 


12, Construction of embankments thro swamps 
by muck excavation, or by fill settlement methods, using 
explosives. 


13. Settlement and stability analvzses of the 
Zoundations for high embankments and structurss. 


lie Loading tests, pile driving teets, and pils 
loadizg testa to determine the Searing capacity of soil layers, 
length of piles, and plie ring capacity. 


15. Permeability and ground water studiss for drsin- 
age, filtering, seepage, water supply, and disposal. 


» Selection and testing of topsoil, 


16 
17. Specifications for sarth work, 


fhe work of the geoil mechaniss secticn should be done 

at the same time that the field survey and dsesizn of the pro- 
ject is made. It will be necessery in many cusss to antiecinate 
the problems and etart the drilling operations and soil survsys 
28 soon es ths alignment is chosen, The soils enginser can 
start the soil survey vefore the final alignment and grade is 
determined and give material assistance by preliminary borings 
and thus avoid difficult soil conditions. If ditfisult soil 
conditions can not be avoided, the soil mechanics investigations 
can be started immediately and Sompleted in time to be of 
welue to the design, If necessary the soils engineer can wait 

until the plan, profiles, and cross secticns of a project are 
sompleted,. wnis procedure may maks the work of the soils 
engineer easier but requires constant changing of plans which 
is not desirabie, 


In the case of bridge and building foundations, the 
borings should start as soon as the project nas been assizred 
and preliminary information furnished for the layout... When 
{% is proved that the site is feasible, additional borings 
may be made to furnish information for the desim end construc- 
tion. It ita advantageous for the ssction to present the soil 


report at the time of the deaign. This requires caratul sanedul- 


ing of operations and an adequate organization to perform work, 
Tig soil meachenios section should de in constant touca with 
the work of the department it is serving, and should be noti-~ 
fied whenever a profect is begun. In this way, the soils 
engineer has en opportunity to plan his work and produce rea- 
sults in time for the use in desizn. 
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It is essential that the results of the soil 
mechanics investigation be prepared in report form to ace 
company the plans and specifications when they are forwarded 
to the final reviewing division. With soil informtion 
the reviewing section can pass upon the design, giving due 
consideration to the conditions surrounding the earth work 
and foundation. In cases where plans have already been 
completed for the postwar progrem, without the bensfit of 
aoil investigations, the soil mechanics section should be 
‘allowed to review them for problems in the earth work and 
foundations which would alter the design or materially in- 
crease the cost of construction. In these cases, sufficient 
explorations should be made to check the design and determine 
‘the soil conditions for construction, as well as to cutline 
and schedule the use of the soil from the excavation, and 
the control and inspection of compaction. with the present 
design requirements of alignzent, grade, and site distance, 
both horizontal ané vertical, the occurrence of high embank- 
ments and Geep excavations is constently increasing. The 
alignment requirements necessitate the crossing of many 
gwampe. These should be carefully explored, correct methods 
of handling determined, depending upon the depth of unsuitable 
- foundetion material, the height and width of embankment. 

With proper information a reasonable end accurate estisate 
end design ean be made for the construstion of ths pro ject. 


Inadequte and incorrect information on soil end - 
foundation conditions is a constant source of claim by the 
contractor against the state. It is important thet suf- 
fiolent eoil and foundation investigntions are made and re- 
ported in terms that the highway engineer and contractor will 
understand. It is necessary to review the plans from the 
standpoint of structural soil mechanics to anticipate and . 
prevent foundation shearing failures, slides and settlements. 
Increasing intensity of treffic and wheel load requires ad- 
4itional subgrade support end reinforcement es a foundation 
for the pavement.  « x : 


Every project must be studied in the field by the 
soils engineer, as the soil mechanics investigation and the 
conclusions érawn-from it must fit the conditions of con- 
struction as they exist et the site, Ho emount of design or 
laboratory testing can lace the field inspection in pre- 
pering the final soil mechanics r end recomendations 
for design and construction. It possible, by this method 
of approech, for e soils engineer to control the work of 
his section and ksep it within practical limits, 


It is neceszery for the section to follow through 
the construction of a phd in order to study the dif- | 
ficulties and modify, necessary, the recommendations of the 
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soil mechanics section, Condition surveys should be made 
after construction in cooperation with the maintenance 
engineers, Soil Mechanics aids in evaluating the perforn- 


ance of ea highwey as a large portion of the construction 


end materials consists of earth work. Wo record of highway 
performance is completes without a thorough knowledge of the 
effect of subsrado and underdrainage conditions on the life 
of the pavement, ae 


a PERSONNEL 


eS The soils engineers should have broad civil engineer- 


ing experience, as well as training and experience in soil 
5 he If trained soils engineers are not evailable 

the field men should be selected on the basis of their nigh- 
way experience and their ability to get along with men in 
the department. They should be willing to study soil mechanics 
and build up the work of the section in highway districts, 
Tne soils engineers in the laboratory and the engineering= 
administration group must have civil engineering degrees 

end experience in various branches of civil enginsering 

es well as formal instruction and advanced’ degrees in 5011 
mechanics, 


fhe requirements for the various grades of soils 
engineers should be equal to those of the corresponding | 
grades for civil engineers in the department, with the added 
recufirement of experience and training in soil mechanics, 
The titles for the grades will vary according to the personnel 
structure of the department. The head soils engineer should 
have a rating on an equal basis with the heads of other 
bureaus and designing divisions, 


Figure 3 shows suggested minimum qualifications 
for soils engineers for various grades, It should be noted 
that Figures 1, 2, and 3 are suggested with the understanding 
that they can be applied to the personnel for an organization 
to carry on the soil mechanics work in keeping with the size 
and general organization of the department as well as the 
volume of ¢onstruction work to be carried on, The functions 
and organization remain the same and the personnel may be 
varied to meet the needs of the department, 


CONCLUSIONS 


The functions and organization of a soil mechanics 
section have been presented on a working busis for the 
establishment of the section and the promotion of its service 
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turoughcut a highwey or public works department. Soil 
mechanics should be applied to the design, corstruction 
end maintenance of highways, bricees, buildings, and re- 
lated structures, The functions of the orgsrizgasation in- 
clude every phase of the uze of scil as a corstruction mae 
teriel or for the foundation and subgrade for highwsys end 
etructures. The organization must be plerned to meet 

the recuirements of the depsrtment end in keeping with the 
yolume of construction work to be perfcrmed. 


Ae The section should be responsible to the chie? 
engineer of the depertment and under the direction of a 

soils enginser with authority end responsibility to establish 
the service end apply soil mechanics to the xork of the de- 
partment. The soils ongineer should orgsnize his section 
with s view to providing soil mechanics theory in ea 

Soec ica, sarner, Personnel should have experierce in 
highway and zenerel civil engineering, 3011 msohanics, and — 
foundetionr engiseering to form a well balanced section. The 
eontinued proaress cf soil mschanics et thse present stage 

Of develoowent depends upon the ability of the soil mechanics 


section to apply the theory end test results to the practical 
jeeizn anc stonstruction of subgrades and founcetions. 
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